Abstract: Knowledge is a corporate resource, being grounds for initiating activities, which is important in a dynamic economy. The difficulties related to obtaining tacit knowledge, related primarily to experience and observation of the knowledge employee (Mendryk, 2011) , encourage the companies to use tools supporting knowledge management and location. This article attempts at designing a dedicated, strategic knowledge map for a research and development department in a manufacturing company. Based on the reference works, the detailed characteristics of specific sources of knowledge in a manufacturing company and tools supporting the process of converting the tacit knowledge into explicit one, for example, the knowledge maps, were devised. Then, a strategic knowledge map model was designed for the research and development department (hereinafter abbreviated as SKM -R&D) in the manufacturing company, comprising the following components: (1) fields of knowledge, (2) internal and external processes in the R&D department, and (3) sources of knowledge. Then, a practical implementation of the SKM -R&D model was presented.
Introduction
The dynamics of changes in a production company results nowadays, for example, from employee migration, continuous improvement of the technology and materials used, as well as the need to manage data, information, and knowledge. Knowledge is a corporate resource, being grounds for initiating activities, primarily innovative ones (Drucker, 1964) . It is claimed that innovations are the "new knowledge employed in the production process" (Begg, 1997) .
Knowledge found in any company takes both an explicit form (formal) and tacit one. Explicit knowledge is recorded in the form of procedures, rules, and other documents available in the company, while tacit knowledge is usually identified with the knowledge held by an employee. The transfer of tacit knowledge is difficult, and usually consists in exchanging tips and comments during informal relations, based on shared cognition and trust (Park, Lee, 2014) .
The need to make tacit knowledge formal is perceived primarily in the research and development (R&D) departments in production facilities. The difficulties related to obtaining tacit knowledge, related primarily to experience and observation of the knowledge of the employee (Mendryk, 2011) , encourage the companies to use tools supporting knowledge management and location. To carry out the process of tacit knowledge transformation (conversion) into the explicit one, first the major sources of the tacit knowledge should be defined. For this purpose, it seems necessary to design a knowledge map for the research and development (R&D) department, being a tool supporting the presentation of key sources (Gudanowska, 2012 ).
This article attempts at designing a dedicated, strategic knowledge map for a research and development department in a manufacturing company. Based on the literature research, the detailed characteristics of specific sources of knowledge in a manufacturing company, and tools supporting the process of converting the tacit knowledge into explicit one, for example, the knowledge maps, were devised.
Then, a strategic knowledge map model was designed for the research and development department (hereinafter abbreviated as SKM -R&D) in the man-ufacturing company, comprising the following components: (1) fields of knowledge, (2) internal and external processes in the R&D department, and (3) sources of knowledge. Then, a practical implementation of the SKM -R&D model was presented.
Sources of tacit and explicit knowledge
The basic source of knowledge in an organization is its internal resources collected on the available media in the form of explicit knowledge. Generally speaking, it is considered easy to pass and formalize, and is related to education. The sources of explicit knowledge are reference works, journals, patents, research, and studies (Wrycza, 2010) . Tacit knowledge is based on the explicit one (Nonaka, et al., 2000) . The former type of knowledge, embedded in the employees' minds, is based on individual behaviors and experience (Wrycza, 2010 ).
Another approach is naming the source of knowledge based on the access. In this case, we can speak of general knowledge, extensive one, with unlimited access, as well as specific, detailed knowledge of limited accessibility (Karaś, 2012 
The development of companies brings growing stress on structuring and segregating knowledge based on the assumed keys, using information technologies to support rapid data localizing. A majority of smart organizations (82.8%) allocates the duties related to collecting, processing, or using the outsourced information to a specific person (Kordel, et al., 2010) . And yet, in the corporate structures, it is believed that the main unit responsible for collecting knowledge is the marketing department (Kordel, et al., 2010) . It was found that, about 91% of the Polish smart companies in the small/medium/large enterprises (SMLE) sector noticed a knowledge gap in their organization. For this reason, it would be ideal to place all information obtained in an easily accessible database, possibly with access sectors allocated to particular users. The most important type of knowledge in smart organizations is learning new technologies (71%), and the second one is knowledge enabling to learn innovative products in the sector (45%) (Kordel, et al., 2010) . This means that the knowledge supporting creation of a new product and process improvement, used mainly in the R&D department, was named.
The ideology behind knowledge location is a smooth flow of information and quick communication between coworkers. K. Dohn (2012, pp.42-50), referring to G. Probst, names a number of resources based on knowledge identification, for example:
 list of experts' data,
 knowledge source map,
 knowledge matrices.
After the identification of knowledge and generation of new one, various activities should be initiated to support knowledge exchange in the company. The main methods of exchanging explicit and tacit knowledge are presented in Table 1 .
Based on the reference works, the following sources of tacit and explicit knowledge in the R&D department of a manufacturing company were defined to create a SKM -R&D model:
a) links for a given type of knowledge -in the form of key words (explicit knowledge), b) books and other paper forms -if they are available in the facility, with the place of access named (explicit knowledge), The following qualification of the knowledge in SKM -R&D model in the category of the source of knowledge (Fig. 1 ) was proposed. The following chapter of this article will characterize knowledge maps for companies, and consequently, a project of dedicated strategic knowledge map (SKM -R&D).
Knowledge maps and their application in a manufacturing company
The R&D departments of production facilities notice the need to create internal resources of knowledge and visualize them. Visualization does not only serve to pass information with the sense of sight, but also supports passing experience, opinions, values, and prognoses. It can be used to present one's knowledge with the structure of thoughts and understand the employees' point of view. Knowledge map is presumed to include both explicit and tacit knowledge in the form of objects, with related documents and people (Saad, et al., 2005 It is also necessary to include the benefits of map creation (Eppler, 2004) , for example, absolute understanding of the process with simultaneous process improvement, process presentation in the actual condition, with a graphic presentation of all ties, even those not discovered before.
Knowledge map presentation does not have any universal pattern (Gudanowska, 2011 2) knowledge competence maps -presented as tables listing the employees and knowledge fields; required to organize training and name experts quickly,
3) knowledge structure map -illustrating with knowledge blocks, functional for example, for product development or project management, 4) knowledge application map -presents the type of knowledge useful for a given process, 5) knowledge development map -created to indicate activities to develop the required competences, for example, process improvement.
The preceding list of map functions shows their potential, highlighting the areas clearly benefiting from mapping. There is a software supporting knowledge map creation in the market, for example, Visual Paradigm in which UML diagrams (Fig. 2) can be created or the Microsoft Visio with a richer interface. Moreover, there are such applications as Aithin (Fig. 3) combining the knowledge base with a search engine, including the key and filters, as well as visualization in a map form.
The use of a strategy map of tacit knowledge in a manufacturing company enables the effective implementation of business strategies, especially for the achievement of the strategic objective: increasing the potential for innovation (Patalas-Maliszewska, Krebs, 2015).
To formulate the SKM -R&D model, the tasks and interdependencies found when carrying out a new project in the manufacturing company with the R&D department were defined. Particular departments perform many operations to support project development. Consequently, the basic obligations ascribed to specific units were distinguished:
 designing,  prototype development,  testing, strength analyses, and so on,  prototype functionality tests.
 Quality department:
 verification standard requirements,  quality control of the production process.
 Purchasing department:
 generating RFPs/building a machine park required to ensure continuous production, The two last relationships refer to the knowledge exchange by the internal organization structures with the external community. The preceding description does not detect any direct relationship between the project developed by R&D and the controlling department. The map diagram also has regular bonds between every department (present in the internal organization space) and the Management Board, marked with dark blue arrows in the diagram. 
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Case study -sources of explicit and tacit knowledge in a manufacturing company, using the example of the R&D department
The discussed research and development department has operated in the manufacturing company of automotive SME sector, dealing with producing pneumatic components for braking systems and suspension systems in utility vehicles. The R&D department has received a new project from a key account on a regular basis. The new project resembles a safety valve (test point), used to be produced on a mass scale. The product in question differs primarily in terms of requirements concerning the adjustment of threaded components and internal structure to the remaining part of the pneumatic system included in the customer's documents. The project implementation is more difficult this time due to the new functional (quality) requirements. A brass body has a piston, the rubber (NBR) o-ring of which cooperates with the internal wall of the body, ensuring the required tightness to it (Fig. 5) . In low operating temperatures, the rubber gets hard and does not display high deformation level, which is why it is difficult to ensure the standard tightness in the circuit. The R&D unit presents a design of a piston cooperating with an o-ring to its supplier. The unit submits technical drawings and generates the order.
Knowledge of cooperating with external specialists
Stage 2
The manufacturer selects the appropriate granulate, designs the mould, and then supplies the manufactured components to the R&D department in the manufacturing company.
Stage 3
The components are assembled by designers.
Knowledge of assembly

Stage 4
The quality department carries out tightness tests for the components made.
Knowledge of checks and tests
Stage 5
For a negative test result (NOK), the search for its cause is initiated. It takes place in consultation with the R&D department, which indicates critical properties affecting functionality. The examinations and analyses suggest piston workmanship inaccuracies, which are quoted as the nonconformity cause.
Knowledge of tests and geometry
Stage 6
The product is returned to the piston manufacturer as a complaint. The manufacturer makes the product anew.
Stage 7
Knowledge of checks and tests
Stage 8
The prototypes made are submitted to the R&D department with the specified maximum permissible deviations on the piston diameter. They are considered conforming, the project stage is handed over in the form of documents. The design activity ends, for example, with obtaining new knowledge on the permissible piston diameter deviations, which will not exert adverse influence on the product compliance.
Knowledge of checks and tests, as well as of material properties
The diagram presents three units participating in obtaining knowledge in the project discussed: Works devoted to the problem solving, that is, ensuring the required valve tightness, are listed in Table 2 in the form of eight stages. A short description of a given activity is combined with selected fields of knowledge obtained by the manufacturing company employees.
Component 3 of the SKM -R&D model -sources of knowledge
To complement the knowledge base proposed in SKM -R&D (Fig. 1 ), the following activities should be carried out: "Projects devoted to similar problems".  Activity 5: Indicating people or group of employees to offer access to the database whom the obtained knowledge may be useful for: "Process engineers, engineers, quality engineers" in Fig. 1 -complemented in the knowledge base for field: "Prospective knowledge use locations".  Activity 6: Indicating justification for the knowledge introduced: "Enclosure from conturography_PROJECT W12_10.01.2016" in Fig. 1 complemented in the knowledge base for field: "Sources of knowledge created inside the organization". The R&D manager should appoint a team representative responsible for introducing the project knowledge unless the company management board creates a separate job.
In Fig. 7 , the SKM -R&D model is created for the field of knowledge: "Properties of plastic components".
When the complete project documentation has been archived and data inserted in the internal database, knowledge mapping and location should be considered completed. Using and finding a similar problem in the future should be faster, with reduced costs of consulting specialists. 
Conclusions
The suggested method of knowledge mapping and locating should be tested with the R&D teams composed of white-collar workers allocated to a specific task or project. Using knowledge maps in the company improves identification of knowledge types, its sources, and other interdependencies, which facilitate the processes of searching for appropriate skills and experience, improve the ability to assess and create the intellectual capital of the organization. Thanks to listing knowledge in the department with high information flow, for example, R&D, the company segregates its resources and know-hows, and reduces the costs of consulting the external specialists, training, repeated works on the aspects that have been solved before, as well as ensures faster employees' on-boarding to start works on the new project. This type of knowledge archiving is well-suited for internal audits and external verification of company credibility by the customer.
